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Introduction
Mixed-stack donor-acceptor co-crystals recently attracted attention as charge-transporting materials for organic electronics [1] [2] [3] [4] [5] and as room-temperature ferroelectrics [6] . Their semiconducting properties are also a subject of theoretical studies [2, 7] . The prediction [2] and demonstration [8] of balanced, efficient ambipolar charge transport in these systems make them an intriguing class of materials in addition to ambipolar molecular [9, 10] and polymeric [11, 12] organic semiconductors.
Dithieno[3,2-b:2',3'-d]thiophene (DTT) 1, a donor [13] with a planar core, had been extensively used in the construction of oligomeric [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and polymeric [24] [25] [26] semiconductors.
While DTT has been extensively used in covalently linked donor-acceptor architectures [14, 15, 24] , there is a single example charge-transfer (CT) complex with DTT as a donor and 7,7,8,8-tetracyanoquinodimethane (TCNQ) as an acceptor described in 1983 [27] . Here, we report the X-ray single crystal analysis of the DTT and its mixed-stack complexes with trimeric perfluoroo-phenylene mercury (I) (Chart 1), an acceptor known to form mixed-stack co-crystals with a variety of donors [28] [29] [30] . Unexpectedly, two different mixed-stack complexes 2 and 3 were obtained from carbon disulfide-dichloromethane (DCM) and carbon disulfide-dichloroethane (DCE) solutions, respectively; in both cases the chlorinated solvent co-crystallized with the DTTmacrocycle I co-crystals. The thermal properties of the new solvatomorphs 2 and 3 were studied by differential thermal analysis (DTA) and thermogravimetric analysis (TGA); the influence of the solvent on the thermal stability and electronic structure of these complexes was also investigated computationally.
Differential pulse voltammetry (DPV) was performed for the acceptor I to estimate the acceptor strength of this macrocycle.
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Experimental Section

General methods
All solvents were purchased from Aldrich Chemical (HPLC grade) and used without any further purification. Dithieno[3,2-b:2',3'-d]thiophene 1 [31] was provided by Solvay, Inc. Trimeric perfluoro-o-phenylene mercury (I) was prepared according to the procedure described earlier by Sartori and Golloch [32] and purified by recrystallization from DCM [33] . DTA coupled with TGA experiments were performed under nitrogen with a Hitachi STA7200 SII NanoTechnology instrument (an aluminum crucible (45 µL) was used; heating rate was 10 °C/min). Powder infrared (IR) spectra of finely ground crystals were recorded in attenuated total reflection (ATR) mode at room temperature (22 °C) on Magna-IR 550 FT-IR spectrometer (Thermo Nicolet) with the Linear Baseline Correction.
Differential pulse voltammetry for macrocycle I was carried out under nitrogen in an anhydrous deoxygenated dichloromethane solution in 0.1 M tetrabutylammonium hexafluorophosphate using a BAS Potentiostat, a glassy carbon working electrode, a platinum auxiliary electrode, and, as a pseudo-reference electrode, a silver wire anodized in 1 M aqueous potassium chloride. Potentials were referenced to ferrocenium / ferrocene (Cp 2 Fe +/0-) as an internal standard. 
Crystallization of dithieno
Crystallization of I•DDT•DCM (2)
Crystallization of I•DTT•½DCE (3)
Stoichiometric amounts of I (18.1 mg, 17.3 mmol) and DTT (2.8 mg, 17.3 mmol) were M A N U S C R I P T
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4 dissolved in a ~1:1 mixture of carbon disulfide and dichloroethane (4.5 and 2.0 mL, respectively) in separate tubes using ultrasonication. 
Computational methodology
Electronic band-structure calculations were performed on the basis of the experimental structures of 2 and 3 at the Density Functional Theory (DFT) level with the B3LYP density functional as implemented in CRYSTAL14 [36] ; the 6-31G basis set was used for all atom types except mercury, for which effective core potential was employed [37] . The Brillouin zone was sampled using a Γ-centered uniform k-point mesh with 68 k-points. The molecular electronic structures of 2 and 3 were computed using Gaussian [38] . Index range -14 < = h < = 14 -9 < = h < = 9 -29 < = h < = 28 
Results and Discussion
Molecular and crystal structures
The crystals of 1, 2 and 3 were investigated by single-crystal X-ray diffraction (the molecular structure of 1 and the symmetrically independent units of complexes 2 and 3 are shown in Figures S1-S3 along with the atomic numbering schemes, see Supporting Information). Selected bond lengths and angles are listed in Table 2 . (Table S1 ).
Molecule of DTT (1) has three donor sulfur centers separated by the distances of (3.9403 (15) (Table 2) .
A common feature of solvatomorphs 2 and 3 is the parallel disposition of molecules 1 and I (the interplane angles between mean planes are 2.89(6) and 2.39(7)°, respectively), which are held together by the secondary Hg...S and π-π stacking interactions ( Figures S2 and S3 , Table S1 ). As (Table S1) . The oxidation potential of alkylated version of DTT was reported at +0.66 V in 0.1 M tetrabutylammonium hexafluorophosphate in dichloromethane [13] . An absorption band in the visible-NIR region is typically observed in CT materials [42] ; however complexes 2 and 3 are colorless crystals; from TD DFT the first excited state is a CT-localized dark state (~0.0 oscillator strength).
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Quantum-chemical calculations
In mixed-stack donor-acceptor crystals, the HOMO-LUMO gap is related to the difference between the energy of the highest occupied molecular orbital (HOMO) of the donor (E DTT,HOMO ) and the energy of the lowest unoccupied molecular orbital (LUMO) of the acceptor (E I,LUMO ).
Frontier orbitals and corresponding energies of DTT (1) 
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For an isolated complex, extracted from the crystal structure, HOMO-LUMO gap is 4.36 eV.
Unlike in the previously studied donor-acceptor systems [2, 7] , the frontier orbitals of the complex do not describe a complete charge-transfer and have localized character mixed-in (Figure 3) . As a result, obtained energy gap is higher than the energy gap (2.36 eV) calculated from the electrochemical measurements of the oxidation potential of DTT (1) i For triphenylene, see [28] , and the larger aromatic hydrocarbons, see [43] . Co-crystals with macrocycle I were reported as white solid. No charge-transfer bands were reported for ferrocene and nickelocene in co-crystals with macrocycle I [44] . comparable to the bandwidths found in anthracene-TCNQ and tetracene-TCNQ crystals [7] . As a result of such large band gaps and almost flat bands, charge transport in these co-crystals is not expected to be efficient; further modification of the electronic properties of the donor and/or acceptor is required.
TGA and DTA analyses
DTA analysis of DTT (1) (Figure 5a) shows two features at 70 °C and 239 °C, the first event corresponds to the melting point, which is consistent with literature result [45] . The second event at 239 °C corresponds to a decomposition process with decomposition temperature determined by the TGA analysis at 5% weight loss at 168 °C.
TGA thermograms of complexes 2 and 3 ( Figures 5b and 5c , respectively) show that these complexes have different thermal stability. In complex 2, a 5% ii weight loss at 72 °C corresponds to the loss of DCM, which occurs at higher temperature than the boiling point of DCM (39.6 °C). The second event at 255 °C in the DTA measurement (Figure 5b ) possibly corresponds to a decomposition of DTT molecules in complex 2 (by TGA analysis, 5% loss after the initial loss of solvent takes place at 208 °C). ii From the crystallographic data for 2 the DCM content is 6.4%.
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For complex 3, the solvent DCE loss occurs at 85 °C (by TGA analysis, the % weight loss 
Electrochemical analysis of I
The reduction peak for the macrocycle I was observed at -1.70 V, and the estimated electron however, the conditions for the electrochemical measurements were not reported). 
